Optical Diffraction from Particles of Narcissus Mosaic Virus
(Accepted 15 August I975) SUMMARY Optical diffraction studies of negatively stained particles of narcissus mosaic virus confirm that the protein subunits are arranged on a helix of pitch 36 A, with a repeat period of five times the pitch, and suggest that there are 6.8 subunits per turn of the helix.
Narcissus mosaic virus (NMV) is a RNA-containing virus with flexuous filamentous particles about 55oo A long and I3o A in diam. (Tollin et al. 1967) . Particle morphology and other properties of NMV (Brunt, I966; Mowat, I97I) place it in the potexvirus group. X-ray diffraction studies showed that the particles have a helical structure with an integral, or near integral, number of protein subunits in five turns of the helix (Tollin, Wilson & Young, 1968) . These studies also suggested that the number of subunits in five turns is 5q + 4, where 6 ~< q ~< 9. Here we report results of optical diffraction studies on electron micrographs of NMV which agree with those previously obtained by X-ray diffraction and in addition give a more precise value for the number of protein subunits per turn of the helix.
As in previous studies, isolate M (Mowat, I971) of NMV was used and a preparation, made as described by Tollin et al. (I967) was further purified by sucrose density gradient centrifugation and suspended in distilled water for electron microscopy. Fig. I (a) shows an electron micrograph of part of a NMV particle, negatively stained with 1% uranyl acetate on a carbon-coated grid and taken using a Siemens Elmiskop I electron microscope operating at 80 kV. Fig. x (b) shows an optical diffraction pattern from a straight region of this particle.
The main features of the diffraction patterns given by straight regions of all ten particles examined are near-meridional intensity on a layer-line corresponding to a periodicity of 36 A, and marked intensity on a layer-line corresponding to a periodicity of 18o A. These are produced by the stain in the grooves between the protein subunits. In all of the patterns there is diffraction from both the near and far side of the particle (Klug & Berger, I964) , but some of the diffraction patterns show distinct differences in intensities across the meridian, indicating a different degree of staining on the near and far side. These differences show that diffraction from one side of the particle occurs in the same quadrant on the first and fifth layer-lines. These features of the diffraction patterns confirm the conclusions drawn from X-ray diffraction results that the structure is helical, with a pitch of 36 A, and the true repeat is five turns of the helix.
The intensity on the fifth layer-line is due to a Jt Bessel function and the position of the first maximum corresponds to staining at a radius of about 65 A, that is, at the outside of the particle. The ratio of the distance from the meridian of the first maximum on the first layer-line to the distance of the first maximum on the fifth layer-line is 4"8 _+ o.2. If it is assumed that the stain giving rise to these diffraction maxima is at the same radius then the order of the Bessel function on the first layer-line can be estimated. The ratios of the first maximum positions for Bessel functions J6, Jv and J8 to J1 are 4"o8, 4"66 and 5"24 respectively and these would be the ratios of the positions of the first diffraction maxima if there were no distortion of the helix. If there is fattening of the helix the ratios of the diffraction maxima positions would be slightly greater (Moody, I967) . The observed ratio thus favours J7 as the Bessel function contributing to the first layer-line, which implies the selection rule I = 5n + 34 m, where I is the layer-line number, n is the order of the Bessel function and m is an integer. The optical diffraction patterns thus suggest that there are 34 protein subunits in the repeat period, or 6.8 subunits per turn of the helix. A radial projection of such a structure is shown in Fig. 2 .
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